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PREFACE

The Urban Mass Transportation Administration (UMTA) in

its mission of improving mass transportation is examining

the present situation with respect to the fire threat in

order to develop countermeasures and fire safety standards

for transit vehicles. It is expected that ever larger

numbers of people will be using mass transportation and that

ever greater demands will be placed on mass transportation

vehicles. It is important that fire safety not be overlooked

by mass transit properties or by manufacturers of mass transit

vehicles in their efforts to answer the growing demands.

This report is an attempt to identify potential sources

of ignition and likely fire paths on transit vehicles together

with probabilities of occurrence in order that priorities for

countermeasures can be determined. It is hoped that this

report will be a significant contribution in helping UMTA

to achieve these important objectives.

The authors wish to thank William J. Rhine and Robert I.

Haught of UMTA for their valuable guidance and comments over

the course of this work. They also wish to acknowledge the

important contributions of the following individuals:

Herbert L. Bogen and Stephanie Markos, Raytheon Service Co., and

Robert Anderson, formerly of Raytheon Service Co. and presently

a member of the TSC staff, for their efforts in data collection

and analysis; C.E. Bogner for his input to Section 4 and

I. Litant and A.E. Barrington also of TSC. The authors wish

especially to thank the chief executive officers of the transit

properties surveyed and their staffs for their help and coopera-

tion in the collection of the data of this report. The many

helpful conversations with these individuals were of con-

siderable help in the completion of this report.
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L INTRODUCTION

The Transportation Systems Center (TSC) has been tasked by

the Urban Mass Transportation Administration (UMTA) to assess

the overall fire threat in transit systems and to identify and

recommend suitable remedial actions. This report presents the

identification of the fire threat in urban transit vehicles.

The potential threat of fire in transit vehicles is well

recognized. However, the quantification of actual occurrences,

rates, losses, etc. is extremely limited. In addition, little

formal analysis has been done on the conditions and events

that result in the initiation and spread of fire and smoke

in transit vehicles. The data that exist are generally internal

operating information for individual transit properties;

little additional data are generated for external use.

This report serves to fill some of the gaps in knowledge.

It is based on site visits to nine representative transit

properties during which data were obtained from daily logs,

operator reports, accident reports, police reports, and maint-

enance reports. [Information from nine other properties was

obtained by mailed-out questionnaires.] To the best of our

knowledge, this is the most complete and accurate information

currently available on fire and smoke incidents in urban mass

transit vehicles.

These data are supplemented by fault tree diagrams and

scenarios in identification of the fire threat. These are

based on actual transportation fire and smoke incidents in TSC

files, data analysis, interviews with transit personnel, and

the use of maintenance manuals. Following a description of

the TSC data acquisition methodology, the data are analyzed

and discussed along with the relationship of the fault trees

and scenarios to the identification of countermeasures.

1



2 , TRANSIT DATA ACQUISITION METHODOLOGY

The initial TSC effort to establish the number and nature

of fire and smoke incidents in transit vehicles consisted of a

survey of several data sources. These included the data banks

maintained by the U.S. Fire Administration's National Fire

Incident Reporting System (NFIRS)
,
the National Fire Protection

Association's Fire Incident Data Organization (FIDO), the

National Transportation Safety Board, the Federal Highway

Administration's Bureau of Motor Carrier Safety and the Federal

Railroad Admins tr at ion ' s data reporting system (now maintained

by UMTA as the "Rail Accident / Incident Report"). The informa-

tion available from these sources was found to be limited in

volume and detail and insufficient for this investigation. For

a detailed review of all the available data banks containing

fire and smoke data, the reader is referred to Reference 1.

Most of the data sources contained either too few incidents

or only the large or well known incidents. Examples of some of

the data found are contained in Appendix A.

Because of these limitations, it was necessary to establish

direct contact with the transit properties. Transportation

Systems Center personnel visited nine representative properties

to obtain data on frequency and type of fire/smoke incidents

experienced. The site visits were made to the Massachusetts Bay

Transportation Authority (MBTA)
,
the New York City Transit

Authority (NYCTA)
,
the Bay Area Rapid Transit District (BART),

the San Francisco Municipal Railway (MUNI)
,
the Southern

California Rapid Transit District (RTD-Los Angeles), the Denver

Rapid Transit District (RTD-Denver)
,
the Metropolitan Atlanta

Rapid Transit Authority (MARTA)
,
the Washington Metropolitan

Area Transit Authority (WMATA)
,
and the Chicago Transit Authority

(CTA) . Other properties responded with information through the

2



mail : the Port Authority of Allegheny County (Pittsburgh)

,

the Greater Cleveland Regional Transit Authority (RTA)
,
the

City of Detroit - -Department of Transportation, Transport of

New Jersey (TNJ)
,
the Mass Transit Administration (MTA-Bal timore)

,

the Tri-County Metropolitan Transit District of Oregon (TRI-MET),

the Southeastern Pennsylvania Transit Authority (SEPTA), the

Transit Authority of River City (TARC-Louisville) and the

Toronto Transit Commission. This information obtained by mail

was not used in this report because it was felt that it did not

reflect all the smoke and fire incidents for 1978.

It was found during the site visits that incidents are

recorded in daily logs, similar to the one presented in Fig. 2.1,

located at a central control center. Depending on the severity

of the incident, follow-up reports may be filed. The amount of

information recorded in the daily logs and the availability

of follow-up reports varied among the transit properties.

Usually the information recorded included:

- date and time of incident

- vehicle number and operator identification

- location of vehicle at time of incident

- delay in service and damage

- action taken..

The daily logs were handwritten, usually in tabular format. Typi-

cally, description of incidents lacked the degree of detail

necessary for complete comprehension by personnel not familiar

with day-to-day operational events at that property. It was

often necessary to obtain clarification of accident descrip-

tions from operating personnel, either because of local jargon

used or because of brevity of remarks.

The data collected

sented all bus and rail

dents which occurred at

calendar year 1978.

from the nine transit properties repre-

rapid transit (RRT) fire and smoke inci-

those tansit properties during the

3
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3 . DEFINITION OF THE FIRE THREAT

The purpose of this section i

and qualitative terms the fire thr

Actual fire incident data gathered

as discussed in Section 2. and 3.1

threat. Scenarios and fault trees

the incident data and define the f

manner. Defining the fire threat

the identification of all prospect

assist in determining the prioriti

s to define in quantitative

eat in transit vehicles.

from the transit properties,

,
are used to quantify the fire

are used as a supplement to

ire threat in a qualitative

in these terms will allow for

ive countermeasures and will

es for their implementation.

Section 3.1 is an analysis of the data collected from the

transit properties and Sections 3.2 and 3.3 discuss the fault

trees and scenarios and their relationships, respectively.

3.1 DATA ANALYSIS

As discussed in Section 2., several sources of data were

examined with the final result being a detailed survey of the

records of nine transit properties. The data discussed in this

section are limited to that from the nine transit properties.

It should be recognized that uncertainties in interpretation of

this type of data are inevitable as they are gathered from

sources using to some extent, different procedures of collection

and different methods and emphasis on records maintenance.

The data are agg

since the objective i

bution for all nine t

comparisons between p

basis of occurrence p

it properties for whi

reported a total of 4

million rail rapid tr

regated, as shown in Figures 3.1 and 3.2,

s to obtain the overall frequency distri-

ransit properties rather than to make

roperties. Incidents are presented on the

er million vehicle miles. The nine trans-

ch the data of Figs. 3.1 and 3.2 apply

17 million bus revenue miles and 331

ansit revenue miles in 1978. During this

5
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period 1246 bus and 1742 rail rapid transit fire and smoke

incidents were reported in the records of the nine transit

properties. This yields 3.0 fire and smoke incidents per

million bus-miles and 5.3 fire and smoke incidents per million

rail rapid transit miles. As noted above, these incident rates

are for the overall transit community and the range of incident

rates for the individual properties varied considerably and

are also shown in Figures 3.1 and 3.2. In many cases incident

reports stated that fire or smoke had occurred but did not pro-

vide any further details; these incidents are tabulated under

"undetermined." Several transit properties reported the ser-

vice delay caused by the accident and these data are shown in

Figures 3.3 and 3.4. The repair costs for fire and smoke damaged

vehicles was reported by only one transit property and is

plotted in Figure 3.5. As might be expected, the cost of re-

pair of the vehicle varies with the frequency of occurrence;

i.e., incidents which resulted in inexpensive damage had a

high frequency of occurrence.

In the process of on-site examination of the transit pro-

perty records, it was noted that the number of fire and smoke

incidents were vastly outweighed by the total number of other

types of on-board incidents. They included mechanical failures

without fire or smoke, crashes, passenger injuries and fatal-

ities, passengers falling or becoming sick in the vehicle,

altercations of some type, vandalism, etc. As an example,

at one bus property there were a total of 4000 incidents re-

ported in 1978 of which, only 50 were fire and smoke incidents.

Generally, it was found that fire and smoke incidents in buses

represented approximately two percent of the total bus incidents .

For rail rapid transit, the percentage of all incidents in which

fire and smoke are involved is estimated by TSC to vary between

one and five percent . These percentages represent the best

estimates available and are limited by the difficulty in estima-

ting the total number of incidents and also the variances in the

8
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reporting practices of the transit properties. The compara-

tively low rate of occurrence of fire and smoke incidents leads

one to expect these represent a hazard fairly low on their

list of problems to be dealt with. Although this may be true,

it should be noted that each minor incident has the potential

to become a major incident which may result in extensive loss

of life and property.

3.2 FAULT TREES AND SCENARIOS

This section discusses the use of fault trees and scenarios

as a means of qualitatively presenting how minor incidents occur

and how they may become major incidents. Fault trees and scen-

arios will also allow for the identification of prospective

countermeasures to eliminate the occurrence of an incident or

to insure that a minor incident does not develop any further.

Fault tree analysis is a technique which provides a graph-

ical representation of the relationship between certain specific

events and the undesired or head event. As an example, Figure

3.6, shows a fault tree for a fire or smoke incident in a bus

brake system. The "Fire/Smoke in Brake System" is the un-

desired or head event and the secondary events which may lead

to the head event are "slack adjustor fails," "brake chamber

push rod fails," or "other." The events are connected by

"gates." An "OR" gate, as shown in Figure 3.6, requires that

at least one of the secondary events occur in order for the head

event to occur. An "AND" gate, as shown in Figure 3.7, requires

that all secondary events must occur before the head event

occurs. Reference 2 provides a more detailed discussion of

fault tree analysis.

Simple trees, such as t»hose of Figures 3.6 and 3.7, may be

linked together to form larger trees. Fault trees may be quali-

tative, quantitive, or both, since,' once the tree is fully devel-

oped in a qualitative manner, it is possible to determine the

12



FIGURE 3 o 6 USE OF THE "OR" GATE
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FIGURE 3o7 USE OF THE "AND" GATE
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probability of occurrence of the head event. This is done by

assigning values for the probability of occurrence or fre-

quency of the secondary events and then calculating the

probability of the head event occurring. These probabilities

of occurrence then allow the ranking of various sequences by

their probability of occurrence and provide the necessary base

for decisions as to where countermeasures will result in the

greatest return in saving of lives and property. The data of

Section 3.1 are limited in type and detail of occurrence and,

therefore, may represent only a small portion of the possible

fire and smoke threats. Fault tree analysis will lead to the

identification of other possible events and combinations of

events which might not otherwise be recognized from the data,

as potential causes of the head event. Furthermore, when

working with historical data to predict the future occurrence

of incidents, only those incidents which have occurred in the

past and are in the historical data base may be projected to

occur in the future. Incidents which have yet to occur may

not be identified as possible future threats. The fault trees

shown in Figures 3.8 and 3.9 represent smoke and fire incidents

in rail rapid transit cars and buses, respectively. These fault

trees, along with more detailed ones, will be used to identify

the countermeasures necessary to minimize, and, where possible,

to eliminate the fire threat in transit vehicles.

To supplement the fault trees, scenarios were developed

to provide a detailed description of the fire and smoke ini-

tiation and propagation as well as the responses and actions

of the vehicle occupants. Each of the scenarios corresponds

to an event sequence in the fault trees.

A list of scenarios developed is given in Table 3.1 for

RRT vehicles and in Table 3.2 for buses. The frequency of

occurrence, obtained from Figures 3.1 and 3.2, of each scenario

type is also listed as well as relative percentage of incidents.

15
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TABLE 3.1 RAIL RAPID TRANSIT SCENARIO TYPES

Scenario
Number

Ignition
Source

Incident s /Mil 1 ion
Vehicle Miles

% of All
Incidents

(UNDERCAR FIRES)

1 traction motor 1 .

3

24.5

2 resistor grid 0.54 10.2

3,4 defective brake control
n z? a

5 handbrake not fully released
O • o

6 switch failure 0.32 6.0

7 battery cable short
0 29* 5 5

8 metallic object lodged under car

9 compressor 0.15 2.8

10 controller 0.14 2.6

11 j ournal 0.06 1.1

12 fuse 0.05 0.9

(OCCUPANT COMPARTMENT FIRES)

13 arson l 0.02 0.4
14 cigarette arson j

15 HVAC 0.06 1.1

16 defective lighting unit -

(WAYSIDE IGNITION FIRES)

17 steel dust 0.12 4 .

3

67.7

18, 19 Undetermined and miscellaneous** 32.3

10Q...P

* Includes Scenario 16
**Vandals Drop Objects on Track, Equipment Cover on Track.

23



TABLE 3.2 BUS SCENARIO TYPES
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All of the scenarios developed are contained in Appendix B.

Here, the scenarios are grouped according to general location

on the vehicle or category of ignition source. Additional

scenarios were developed which do not belong in the categor

ies given in Figures 3.1 and 3.2. These were developed

either because similar events had actually happened (at

least once) or the possibility of their occurrence seemed

plausible. These scenarios are intended to indicate the range

of incidents which can and do occur on the RRT cars and

transit buses. They are not intended to be exhaustive with

regard to the variety of detail which may underlie each

incident type. A general idea of ignition source at a more

fundamental level is indicated in Table 3.3.

These concepts can be used in devising appropriate coun-

termeasures to reduce the frequency of occurrence of specific

categories of fire incidents. This is discussed below.

3.3 RELATIONSHIP OF DATA, SCENARIOS, AND FAULT TREES

As discussed in Section 3.1 the data on transit vehicle

fire and smoke incidents, presented in Figures 3.1 and 3.2,

represent the most detailed data available and provide an

indication of where transit vehicle fire and smoke incidents

occur and of the components involved. With this information

it is then possible to rank the scenarios by their probability

of occurrence and the service delay associated with that

occurrence. Also, using the data on component fire and smoke

incidents, the fault trees will show how the path of the fire

or smoke may progress in the vehicle and possibly result in

occupant death or injury. Furthermore, the fault tree may be

25



TABLE 3.3 VEHICLE HEAT SOURCES

Type Source

Mechanical Friction brakes

bearings

under inflated tires

Electrical wiring shorts

component shorts (starter,

generator, motor, lighting,

battery, switches, fuses,

etc
.

)

resistors

Engine Overheat cooling system failure

Human Action arson

careless smoking, matches,

etc .



evaluated in a quantitative manner if data are available

which will indicate the probability of occurrence of each

path in the fault tree and the probability of occurrence of

the head event. Scenarios and fault trees may also be used

in evaluating countermeasures before they are implemented.

This may be done by inserting the proposed countermeasure in

a scenario or fault tree and then evaluating it to see whether

it has a significant effect. Probabilities and measures of

hazard for the countermeasure may be determined through expert

judgment, through its relationships to the conditions and

events in the fault tree, and through an estimate to the

degree of percentage improvement over the existing conditions.
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4 , METHODOLOGY FOR COUNTERMEASURE SELECTION

This section contains a brief summary of the approach

for the development of countermeasures. A more detailed dis-

cussion of countermeasure development will be provided in a

future report.

As noted in Section 3, each fire and smoke incident may

have the potential of becoming a major incident resulting in

injuries, fatalities and property losses. The judicious

application of appropriate countermeasures will serve to reduce

the tendency of minor fire incidents from developing into major

conflagration and may, in some instances prevent the occurrence

of any fire incident, entirely. The historical data identify

where the incidents occur, the fault trees provide a descrip-

tion of the path of development each incident may take, and

the scenarios provide a detailed description of events and

actions taken by the occupants.

4.1 APPROACH TO COUNTERMEASURE DEVELOPMENT

Modern vehicle design practices have been directed at

providing a safe and reliable service for passengers and

operators. This approach has resulted in the increased use

of non-metallic materials in transit vehicles and perhaps an

increase in the fire threat associated with these vehicles.

Historically, improvements in the fire protection of transporta-

tion vehicles have been directed at improving the construction

by utilizing less flammable and toxic materials. However,

this effort addresses only a portion of the problem; a com-

prehensive approach is needed that will include all iactors

contributing to the fire threat.

The proposed fire protection countermeasures for transit

vehicles will encompass five major categories which are

7 8



applicable to new vehicle construction and retrofit programs:

Fire hazard analysis will involve the identification of

meaningful test methods and utilization of screening/large-

scale tests, the establishment of realistic fire safety cri-

teria, and fire characterization by means of scaling and

modeling studies.

Materials technology will encompass the development of new

materials and the selection and improvement of conventional

materials for a variety of applications, including thermal

barriers, ext inguishants
,
and personnel and vulnerable equip-

ment protection.

Fire engineering will explore new concepts in fire con-

tainment, detection, smoke control, and emergency egress.

Operations and maintenance will provide for a review and

updating of operating procedures, operating manuals, maintenance

procedures and emergency training.

Fire fighting will involve the evaluation of extinguishing

and personal protection equipment concommitant with training

functions

.

As shown in the "Logic Diagram for Countermeasure Selection,"

Figure 4.1, several countermeasures within each category are

available for application to the identified fire threats.

4.2 EXAMPLES OF COUNTERMEASURES

Although the identification and selection of prospective

countermeasures have just been initiated, several examples that

appear worthy of further investigation are presented in this

section.
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4.2.1

Bus Wheel Wells

As shown in Table 3.2 fires in bus wheel wells accounted

for 29.1 percent of all bus fire and smoke incidents. Scena-

rio numbers 20, 21, 22, 23 and 24 are actual cases where

wheel well fires have resulted in minor injuries and property

loss. An effective countermeasure to prevent this problem

could be a change in the wheel well material from a combusti-

ble material to a non-combustible material or a fire stop

as shown in Figure 4.2. Several other methods, such as

improved vehicle maintenance and inspection, are prospective

countermeasures to deal with this problem.

4.2.2 Improved Vehicle Maintenance and Cleanliness

Deposits of grease, oil, metallic dust and other debris

provide conditions where fires may be more easily ignited and

propagated. Wires may become frayed and cause short circuits

and arcing which results in fires and smoke. Improved main-

tenance and cleanliness are some of the principal counter-

measures available. Lack of vehicle maintenance and cleanli-

ness has been involved in the initiation of fire incidents.

4.2.3 Materials Technology

The proper selection of transit vehicle materials will

minimize the fire threat by resisting ignition and fire

propagation as well as minimizing smoke generation and sub-

sequent obscuration. As shown in Figures 3.8 and 3.9, and

the data collected from transit properties, materials in

themselves do not cause Ignition but do contribute to fire

propagation and smoke generation. The materials counter-

measures to be developed will be discussed in a future report.
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© Countermeasure Application

FIRE INTRUDES
FROM OUTSIDE
OCCUPANT

COMPARTMENT

FIGURE 4.2 EXAMPLE OF APPLICATION OF COUNTERMEASURE AT BUS WHEEL WELL
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4.2.4 Flooring and Firewall Construction

Rapid rail vehicle floors are often of a sandwich type in

which plywood or polyurethane sheet is laminated between two

metal sheets. This laminated construction possesses a superior

strength- to-weight ratio and also provides insulation against

undercar noise. Areas of the floor which may be exposed to

fires originating in electrical undercar equipment should be

further protected with heat - and- f ire shielding.

Air-conditioning ducting should be fire-stopped and pro-

tected to prevent the penetration of fire and smoke into the

passenger compartment.

4.2.5 Smoke and Fire Detection Devices

As noted in the rail rapid transit incident data, smoke

and fire on the vehicle underside represent the majority of

all incidents. In most instances the transit property operat'

ing personnel detect fire and smoke and take appropriate

action before the incident develops any further. However, as

noted in the scenarios, there have been cases where the

initial incident has developed to major proportions and re-

sulted in damage to the vehicle. Accordingly, consideration

of the application of fire and smoke detectors under and in

the vehicle may be appropriate.
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5 , CONCLUSIONS

Based on the data analyzed during visits to the transit

properties and discussions with individuals in the transit

community it is apparent that the rate of occurrence of fire

and smoke incidents in transit vehicles is low relative to

other types of incidents.

A major problem in studying urban mass transportation fires

is availability of useful data. Records concerning fire and

smoke incidents are not easily accessible. They are generally

dispersed among records of transit property accidents, "unusual

occurrences," or repairs. Descriptions of fire and smoke inci-

dents usually are not explicit as to technical details or the

extent of the damage, except in the case of special reports for

major accidents. In most cases, it is not possible to follow

an incident all the way to final disposition. Costs are not

well documented; hence, cost/benefit estimation would be tenuous.

Although it appears that most fire and smoke damage is of a minor

or moderate nature and that incidents are relatively infrequent,

better information on the severity of transit fires would be

useful

.

The foregoing is not intended to understate the potential

that exists for severe hazards to life in those situations where

fire fighting is difficult or where passenger escape is not

straightforward; i.e., subsurface transit expecially in under-

water tubes.
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APPENDIX A

FIRE AND SMOKE DATA FROM FRA/UMTA

REPORTING SYSTEM AND U.S. FIRE ADMINISTRATION
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Data obtained from FRA thru Dec. 1978.
Cut-off criteria for inclusion of incident:
$2300 equipment or 1 man day injury.
Printout was searched for smoke-fire incidents;
the following incidents were found:

PROPERTY DATE CODE PRIMARY CAUSE COST

MBTA 8/1/75 474 Elec. Fire $20,672
MBTA 11/30/75 706 Object on Track $19,881

Causing Fire

BART 5/14/76 474 Elec. Fire $5,250
BART 11/17/76 702 Vandal Caused $100,000
CTA 1/8/76 474 Elec. Fire $18,078
CTA 1/17/76 475 Elec. Fire $20,351
CTA 8/25/76 474 Elec. Fire $50,000
MBTA 5/8/76 474 Elec. Fire $10,000
MBTA 5/24/76 499 Unspec

.

$10,000
MBTA 6/15/76 474 Elec. Fire $22,000
MBTA 6/24/76 499 Unspec

.

$10,000
MBTA 10/5/76 499 Unspec

.

$20,000

BART 8/5/77 474 Elec. Fire $200,000
BART 9/7/77 474 Elec. Fire $12,450
CTA 1/14/77 475 Current Collector Syst. $28,000
CTA 3/1/77 475 Current Collector Syst. $22,200
CTA 11/26/77 799 Not Spec. $48,257*^ 3 cars

CTA 11/26/77 799 Not Spec. $4,831 > involved

CTA 11/26/77 799 Not Spec. $191,875 1

MBTA 4/26/77 499 Not Spec. $3,170^
WMATA 5/12/77 474 Elec. Fire $11,600
WMATA 7/6/77 474 Elec. Fire $9,000
WMATA 7/11/77 474 Elec. Fire $10,000

BART 1/5/78 474 Elec. Fire $5,965
BART 5/30/78 702 Vandalism $3,678

MBTA 5/18/78 449 Cause Code not listed $2,500
BART 12/18/78 702 Vandalism $12,000

1. RRT RAIL ACCIDENT/INCIDENT REPORT

A-
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APPENDIX B

FIRE AND SMOKE SCENARIOS

NOTE: Scenarios based on incidents for which
detailed reports were available are indicated
by date of occurrence and property. The re-
maining scenarios are based on data indicating
basic facts of incident but with few other
details

.
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